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By OwenJ.Deters
smmRY ‘“
An analysisofwind-tunneldatafortwot,ypesoflateral-
controlsyet& forlargeairpl&6swasmiteto-~etemine the
control-forceharacteristicsandrolli~effectivenessof each
system.Thetwotypesoflateral-controlsystemarea spring-tab
aileronanda combinationspoilerandguideorpilot-aileron
arrangement.Twoconfigurationof thespring-tabatleronwere
exemlned:onewithailermsinterconnected&n?ia centralspring
unitandone”wi%hailerons notinterconnectedandseparatespring
units foreachaileron.W addition,fortheconflgwrationwith
aileronsinterconnected,thegearedspringtahaswellasthe
ordinaryungearedspringtabwasconsidered.Similarly,twocon--
figurationsof thespoilerpilot-aileroncontrolsystemwere
considered:oneinwhichthecompletespoilerwasemployedend
oneinwhichtheoutboardsegmentsdirectlyin frontof thepilot
aileronwereremoved.
.Acomparisonof thecontrol-forceharacteristicsof the
spring-tabcontroleystemandthgspoilerpilot-ailer.gnco trol
systemindicated,In general,thatathighspeedsthespring-tab
aileronwouldprovidesltghtlygreater rollingeffectivenessfor..
smallercontrolforcsesthanwouldthespoilersystembutat low
speedsmuchlargervaluesofrollingeffectivenesswouldbe _
obtainedwiththespoiler pilot-allemnsystemthanwiththe
spring-tabsystemfora givenvalue of controlforce.
Whenanyappreciableupfloatingtendencyof theailerons
exists,thespring-tabaileronconfigurationi whichthe.ailerons
areinterconnectedwouldbe themostdesirable.
Theeffectof removingtheout%oardspoilerse~entsdirectly
infrontof thepilotaileronwasto increasethecontrolforces
of thespoilerpilot-aileroncontrolsystemfora givenvalueof
l . .
w
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thewing-tiphelixanglepb/2V endtoreducethemaximumvalue
of pl#2Vl
.
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INTRODiJCTTON
WiththeIncreaseinsizeendspeedofairpl~es,the
problemofprovidingadequatecontrolwithacceptablecontrol
forceshasbecomeincreasingly.diffkzltjparticularlyinthe
caseof lateralcontrols.Twolateral-controlsystemsthat
haveshownpromiseofprovidinga satlsfaotorysolutiontothe
problemoflateralcontrolforlargeaifilanesarethespring-
tabaileronandtheconibinationspoilerandguideorpilotaileron.
Thepilotaileronisa short-spanileronlocatedat thewingtip
andoperatedincon$mcti~withthe spoiler.Thespring-tab
typeofcontrolsystemiswellestablishedandhasbeen-described
innumerouspapers(forexample,ieference1). Theepoilerpilot-
aileroncontrolsystem,acomparativel.yrecentdevelopment(refer-
ence2),employsa circular-arc-t~e8poilerasthetin control
enda pilotaileronat thewingtip. Thepilotaileronisused:
(1)toprovidea meansofcorrectin~~ overbaknceofthesystem “ “
resulting”fromspoflerhingemoments,(2)tocorrectheineffec-
tivenessofthespoilerat smallprojections,and(3) to provide
meemsofcorrectinge+ylagwhichmeyresultfromthespoilers.
Wind-tunneldataareavailablk$(references3 and4) for
bothtypesofcontrolsystemfromtestsof a partial-spenwing
modelofa large,bomber-typeairplane,endenanalysiswasmade .
todeterminethegeneralcontrol-forcecharacter;;sticsof the
twotypesofcontro3.system.Controlforcesandthecorresponding
wing-tiphelixengleswereestimatedfora high-qeedendlow-speed
att~tudeofan as~ed airpl~b.Twoconfigurationsof thespring-
tabcontrolsystemwereexamined:onewithaileronsinterconnected
anda centralspringunitandonewithaileronsnotinterconnected
andseparatespringunftsforeachaileron.Tnadfiithn,forthe
configurationwithailerons.interconne~ted,the@ared sp”ring-tab
aswellas theordinaryspring-tabsyqtqgwa6”consider6diS milarly,
twoconfigurationsof+he spoilerpilot-aileronqwtemwerecon-
sidered:one inwhichthecompletespoilerwasusedandonein
whichtheout%o~ spoilerse@entsdirectly.Infrontof theaileron 2.
wereremoved. ,
..
.
.
,
.
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Emmzms
‘% liftcoefficient “.
cl rolling-momentcoefficient
3
Cn yawing-momentcoefficient
Cha spring-tabileronhinge-momentcoefficient
Ch‘ pilot-aileronhinge-rmmentcoefficient
% .!..
c~~ spoilerhinge-mmentcoefficient“
Cht tabhinge-mome~tc~efficient
a a@e of attack,degrees
,
tia spring-tabailerondeflection,degrees
8av , pilot-ailerondeflection,degrees —
%’ aileron-hofideflection(measuredfrompositionofhorn
whencontrolwheelisneutral),degrees
6* tabReflection,degrees
6~ spoiler‘deflection(measuredfrompositionof spoilerwhen
uppersurfaceistenflenttowfngsurface),degrees
f3w control-wheeldeflection,degrees
e angulardifferencebetweendeflectionof aileronandaileron
, hozmjdegrees
pb/2V wing-tiphelixangle,radi~s t
b. iing-span, “feet .
.,
c. w@ cliord;feet
., —-
Ca @iieronchbrdbehind.hingeline,feet
. .
,
P ‘r@’tngvelocity,radienspersecond
.-
-. --
v trueairspeed,feetpersecond
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Indicatedairspeed,milesperhour
d.ynam~cpressure,poundspersquarefoot
aileroncontrolforce,pounds
spoflerpilot-aileroncontrolforce,Tounds
spring-unitconstant,pound-feetperdegree9
spring-unitpreload,pound-feet
spring-tabileronhingemoment,(positivewh ntendingto
producea positjveailerondeflection),pound-feet
pilot-aileronhingemomenti(positivewhentendingto
producea positiveailerondeflection),pound-feet
spoilerhingemoment(positivewhentendingtoproduce
a positivespoilerdeflection),pound-feet
tabhingemoment(positivewhentendingtoproducea
positivetabdeflection),pound-feet
n dimensionsof spring-tabsystemshowninfigure2
ASSUMEDAIRPLANEANDFLIGHTCOI’?DTTIONS
CharactetieticsofAfrplene
Thewind-tunneldataworeobtainedfromtestsof
spanwingmodelof a largebomber-typeairplane.The
a partial-
general
dimensionsof theairplanewingareshownfnfigure1. Themidchord
wingslotsshowninfigure1 forthespring-tabileroncontrol
systemaxeopenonlywhentheflapsaredeflected..Additionaldata
fortheairplenenotincludedinfigure1 areasfollows:
Grossweip~t,pounds. . . , . , . , . . . , . . . . . . . 2@joo0
Win~area,squarefeet. . . . . . , . . , , . . s . . , , L772
Win&loading,poundspersquarefoot. . . . . . . . . . . 55l5
Aspectratlo.. . . . . . . . . . . . . . . . . . . . . , 11.1
Taperratlo. . . . . , . . . , . . , . . . . . . . , . . o.=
Control-wheeldiameter,inches. . , . . . . . . . , . . . 14
Ratioof m to n (fig.2), . . . . . . . . . . . . . . 2*
Ratioof 2 to m fortheGearedtab(fig.2) . . . . . 723
.
.
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GeometricCharacteristicsof the
Lateral-ControlSystems
Two
-.
SpriM-tab control.system- In theanalysisof thespring- -
tabaileroncontrolsyste~~h thegeexedandungeared,or
ordinary,spring-tabsystemswereconsidered.Thege~ed spring
tabis shownintheschematicdiagramof figure2, _~..geared
sprtigta@_willde~lqct~~tha control.wheelisdeflectedalthoh-~
thereisno loadon thesystem,butthe ordinaryspringtabwill
notdeflectwhenno loadison thesystem.It isevidentfrom
figure2 thattheordimrryspring-tab-system3sa 8peci&caseof
thegearedspring-tabsystem.Whenthedimensions2 end m are
equal.,thesystemha~no gearing;when Z>m, thetabisgeared
intheconvenetlonklmanner;tidwhen 75c m, thetab‘tilIlead
theaileron.Whentheflprfngconstantiszero,thesystembecomes
a pureservocontrolendno ~earin~ispos@ble.
—
Twoprincipalcoqfigwationsof ihe8pring-~a~c“ontrol
system werealsoconsidered: .-—onewithaileronsinterconnected- - -----““
anda centralspringunit(fi~.2(a))endonewithaileron6
notinterconnectedendseparatespyingunitsforeachaileron _
(fig.2(h)).
Thetabdeflectionisa functionof 6, theangulardifference
betweentheaileronandaileron-horndeflections,and.,forsmall
valueeof 6, ‘iscloselyapproximated
6%+9
Themaxlmmntabdeflectionwaslimited
valuemaybe slightlylarge,.thetest
by there~atio&hip
to K@’
datadid
. .
Althou@this
notindicate
anytendencyforthetabto stallat &20°deflections.
Thespring-udtconstantK isdefinedintermsof 8. By
sodeffningK thecontrolforcesdependonlyontheratiosm/n
and 2/m.
The mechanicaladvantageof thesyetemwasheldconstantfor
allconfigurationsendisdefinedas therateofchangeof aileron-
horndeflectionwithcontrol-wheeldeflection.Themechanical
advantageemployedintheestimationof thec-&trolforceswas- — .....
d%
r% = 00204
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Spoilerpilot-aileroncontrolsystem.- Thespoilerpll.ot-
alleroncontrolsystemisa directcontrolsysteminwhichthe
spoilersadpilotaileronarelinked irectlytothecontrolwheel,
Theaileronsoperateinthecmventlonalmannerbutthespoiler
remainsina neutralposition withthepositivelydeflectedaileron.
Twoconfigurationsof thespoilerareconsidered.In the
firstconfigurationthecompletespoileris,usedas shownin
figure1,whereasinthesecondconfigurationthe twooutboa?xl
spoilersegmentsdirectlyinfrontoftheaileronareremoved.
Theoperationof thepilotaileroninthewakeofthespoiler
oouldcauseserfousluffetingof theaileron;therefore,theeffect
of remcvtngthesegmentsdirectlyinfrontofthepilotallera
on thecharacteristicsofthesystemisdetermined.
Thespoilercontrolforceswereestimatedfor two ratesof
deflectionof thepilotailerm..Inonesrrangemmthepilot-
ailerondeflectiavarieslinearlywiththecontrol-wheeldeflection,
endfnthesecondarrangementthepilot-ailerondefl.ecticmvaries
nonlinearlyas showninfigure3.
RI theestimationofthecontiolforcesofthespoiler pflot-
aileroncontrolsyEItemthemaximumcontrol-wheeldeflectionwas~135°,
andthemaximumspoilerandpilot-ailerondeflectionswere-&)”
and~20°,respectively.
Theventbehindthespoiler(fig.1)consistsofa smaU
duct(0.OIC)extendingbetweentheupperendlower surfacesof
thewingandisfixedinanopenconditioninthewing. It is
showninreferencek thatan increaseinrollingeffectiveness
canbe gainediftheventIsnotfixedinan openconditionbut
remainscloseduntilthespoilerbeginstodeflectandthenopens
completely.Thecontrolforcesandhelixangleswereestimated
foran arrangementinwhichtheventwasassumedtoopeninstanta-
neouslyas thespoilerbegantodeflect,Althoughtheventwould
notopeninstantaneouslyIna practicalInstallation,therateat
whichitopenedwouldnotaffectthewing-tiphelixangle.
FltghtConditions
Thecontrolforces endthe correspondingwing-tiphelix
anglesaredeterminedat twoflightattitudes,that1s,high-
speedand.landingattitudes,Thehigh-~peedattitude1sthesame
forboththespring-tabileron and the spoilerpilot-aileron
controlsystems.Theassumedconditionsare CL M 0.555,a= 3.5°,
-,
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amdv~= 198milesperhour,whichcorrespondsto a dynemic
pressureof100poundspersquarefoot. - .
Inasmuchas‘pazztial-spaningleslottedflapswereemployed
withthespring-tabileroncontrolsystemendfull-spsndouble
slotteflapswere.employedwiththespoilerpilot-aileroncontrol
system,themximumliftcoefficientin eachcasewasconsiderably
different.Thelow-speedattitudewaschosenas 110percentof
minimumspeed,andasa resultof theMfferenceinmeximumlift
coefficientforthetwosystemsthelow-speedconditions~e
slightlydifferentforthetwocontroleystems.Theassumedlow-
speedconditionsforthespring-tabaileroncontrolsystemare
CL= 1.85, a = lk.Oo, and Vi = 108milesperhour,which
correspondsto a dynemicpressureof SOpoundspersquarefoot.
Theassumedlow-speedconditionsforthespoilerpilot-aileron
controlsystemare CL& 2.26, u = 11.OO, end Vi = 100miles
perhcur,whichcorrespondstoa d@mic prbseureof 2~.7pounds
persquarefoot. t .
ESTIMATIONOF CONTROLFORCl&3AXVDWING-TIPHELIXANGLE
Representativeplotsof thewind-tunneldatafromwhichthe
controlforcesandwing-tiphellxsri-glesw reestimatedareshow
infigure4 forthespring-tabaileronandinfigure5 forthe
spoilerpilot-aileroncontrolsystem.Theaileron,tab,end
spoilerhtigemomentsareobtainedfromthehinge-momentcoefficients
by thefollowingequations:Forthespring-tabileron,
fcrthetab,
forthepilotaileron,
andforthespoiler,
.
‘%=66.~5qch%
=8 = 2,47@h8
8The
and
rollingandyawingmomats&-egbtslnedfromtherolling-moment
yawing-momentcoofficj.ent~.%y’kheconventionalrelationships.
Thespring-tabaileroncontrolforcessndthecorrespondingvalues
of thewing-tiphelixanglepb/2Vw?redeterminedby themethods
ofreferance~. Thecontrolforcesandtheying-tiphelixengles
forthespoilerpilot-a$leroncontrolsystemweredeterminedlya
metho’danalogousto thatd~scimibedinreference6. Althoughthe
correctionstothespoilerhing9momentsfortheeffectofthe
rollingmotionof theairplaaeweredeter&nedby themethods
developedforconventicnmlailerons(reference6),theerrors
resultlngfromtheuseof thismethcdweren@l.i@bleinaemuchas
the%w,riatlcnof thespoileroll.ing-m.me~it,sndhinge-moment
coef’flcimtswithangleofattackwas”~xl fortheconditions
of thisanalysls*
Thevalueso&thehelixanglepb/2V forboththesprir~-
tabandspoilerpilot-dleroncontrolsystem~werereduced
~ percentoacccuntfortheeffectsofyawandyawingmotion
atlowspeedsadwingtwistand.compressibilitya highspeeds.
Experi~cehas-uhownthattheempiricalreductionof thehelix
sngleby 20percentis ~ust~miedforaileroncontrols”.A 20-percent
reductionin thehelixangleforspoilercontrblsmighthe considered
toogreatsince‘&eStaticyawiriGmomentof”t,hegpollerswouldbe
favorable(ofthosamesignastherolli~moment)andwouldtend
toreducethelossinrollingeffectivenesscausedhythedihedral.
effect,Althoughthestaticyawin~momentingenerallyfavorable,
‘itisrelativelysms,llathighanglesofattack,’particularlywhen
full-~panflapsaredeflected.Theyawhgmomentdueto-therclling
nmticmof thesdrplane,however, isadverse(tendingtoreducethe
helixanglepb/2V)andhasa conmlderablyargereffecton the
helixanglethendoesthestaticyawingmomentresultingfromthe
spoiler.Inasmuchas theyawi~ momentduetotheairplanerolling
motionisgreaterforfuU-spsnflapsthsmforthepartial-span
flapconfiguration~usuellyemployedwithailerons,Itisbelieved ‘
thatthisincreaseinya~g momentwotidcounteractthefavorable
staticyawingmomentof thespoilersandthattheempiricalreduction
of thehelixemgleby 20 percentis ju~tifiedfor spoilercontrols,
At thehigh-syeedattitmdethehelixanglemaybe slightlyunder-
estimatedsincethetwistingmomentcausedbyspotlercontrolsis
usuallysmallerthenthatcausedby aileroncontrols.
.
.
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Sprin@%b ControlSyEJ&ia
Theoontrol-foroe ohax%oteristic~”oftheEprin&tabaileron
areshownin figure6 fortheconfigurationi which the ailerons
~vein~momo~d, ad in fl~e 7 f& the ~meintihiohthe
aileronsarenotinteroonneoted.
Aileronsinteroonnected.-At lowspeeds(fig,6(a))the
—.
controlforoesweregreatlyz%duced”as themagnitudeofthesprin&
unit oonstantwasdecreasedfrcm co to O. As thesprin&unit
constantis reduoed,however,themsxihumtabdeflectionis
reaohedata smallerdeflection~ftheailerons,andthusthe
maximumvalueofthehelixangleattainedwitithespringtabin
operationisreduoed,
At highspeeds(fig.6(b))theaileronswereslightlyove~
balanoedaq shownby thehinge+cmentuhar~tefisti~soffi~e 4(a)l “.
Theuseofthespringtabgreatlyreducedtheamountof over-
balarme;theuseofa gearedspri~tab(thetabgearedto leadthe
aileron)ocmpletelyoo?mectedtheoverbalanoe,,,Thetabgearing
hadthedisadvantage,howe%r,ofincreasingtheoontrolforoesin
thelow=sgeedattitudeoverthoseoftheoi’di~ spring+ab
co?@~ation. Suitableadjustmentsin.theamoqntoftabgearing
andthespring-t oonstantcouldbe used@ ax?reot balance
withoutgreatlyinoreasipg@e controlforoes atlqwspeedsover
thevaluesobtained,fortheukgearedspringtab.
Ai~eronsnot,interoonneoted.-When~inte~onneotionis
providedbetweentheailerons,thespr3.ngunitsmuutbe preloaded
topreventheaileronsfromfloatingup at low speeds.Thecontrol
forcespresentedin fi~e 7 wereesthatedfoi-theoaeeinwhioh
quficien%preloadwasemployedtopreventanyupfloatingofthe
aile.?mminnomualflightattitudes.Theconstantof eaohspring
unit was chosentobe on~ha3fthevalueforthecentralspring
unitoftheinteroonneoted-aileroncO figuration(25lb-.%~erdegG).
“ As a resultofthelargeamountofpreload,thecontrolforoes
arenoteffectivelyreducedineithertheM@+rpoed or low-speed
attitudes.Allowingtheaileronstofloatup a lWLtedamountwould
makethespringtabconsid.erablymoreeffeotiveinreduoingthe
controlforoes. Theminimmmount ofpreloadwhiohcouldbe
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employedwouldbe thatamountsufficienttopreventheailerons
frcmfloatingineitherdireotionathQh speeds.Thepreload
would,however,stillbe toolargetopetit aneffectivereduotion
intheoontrolforaesby theapri~-tab.
In considemtionofthesmallercontrolforaesobtainedwhen
theaileronsareinterconnectedandalsoC& thedisadvantagesof
allowingtheaileronsto flcmtupwhennotinterconnected,the
oonfi&mationinwhichtheaileronsare3.nterconneo.tedwoul ‘be
themostdesi~hlespri~-tabcontrolarran@nent.Yin’ther
advantagescouldbe gainedby employinga differentiallinkaGe
forbothconf’ie~tions.Bymeansofa differentiallinkagethe
control.foroesmi@t be YeduoedandthemaximumhelJ.xangleinareased.
Theextentowhichthecontrolcharacteristicscanbe improvedby
useofthedifferentiallinkageiEIdepend.entiuponthoparticular
characteristicsofthocontrolsytitem.
SpoilerFilcrkiik.ron Control System
Theoontrol-foroecharac?torlstlcsofbothoonfWjurat3.onsof
thespoilerpile-b-aileronc trolsydmuareshowninfi~re 8 for
., thelow-speedattitudeandinfigurs9 forthehi~peod attitude.
Complete-spoilerconfi~.nmtio~.-Thespoi&r pilotii.leron
oontrol sy~tememployingthecompletesp@ler3s ove%balanoedin
boththehigh-qeedamdkm=speedattltudes(RI+@.8(a)endg(a)).
Theoverbalanmdocmtrolforcesofthesystemaretheresulhof
thespoilerhinge+mmmntooeffiaientswklmhwereoverlxzlanoed
throu@a largerangeofspoilerdefledion.
By theuseofa nonlinearailerondeflation(fig.3)the
overbalanceofthesystemwasgmm.tlyreducedbutnotocmpletely
aorreoted.,Theinstantaneousoperationofthevent hehird the
spoileroausedan inareaseinthemaximumvalueof pl/2V of
about3 peraentat lowspeedsandabcut8 peraen%at high~peedo.
At highspOetithecontrolforcesof theocanpletespoileroor~
figurationwereverylargeforthehighervalueaof pb/2V.The
maximumvaluesof pb/2Vwererelativelymall althoughat low
speedslargevaluesof pb/2Vwereobtainodi’o%smalloon’brolforaes.
Comparin~theoontrol-fomecharaoteristiosof thespoiler
pilot-aileroncontrolsystemwiththoseofthe~prin~tabcontrol
systemindioatea,ingeneral$thab-athighsyoedsthesprin~tib
aileronwill.providealiglltlygreateroui~ effeativencmafor
mnalleroorrlmolforaesthanthespoilersyutemcIn theM+-speed
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attitude,however,muchlargervaluesof’zmllingeffectivenesswere
o%tainedtiththespoflerpilot-aileroneystemthan@th thespring-
tabsystemfora givencontrolforce.”
Rar-Mal-Spoilerconfiguratlon.-By ther~ of theoutboard
segmentsof thespoiler(figs.8(b)andg(b))theoverbalanceofthe
systemwascorrectedinthehigh-speedattitudeandwasgreatly
- reducedat lowspeeds.Thenonlineardeflectionof theaileron
completelycorrectedtheoverlklanceatlowspeedsbutgreatly
increasedthecontrolforcesforsmallcontrol-wheeldeflectionsin
thehigh-speedattitude.Themaximumvalueof pb/ZV wasdecreased
about15 percentasa resultof removing theoutboardspoiler
se@nents.In general,theeffectof removingtheoutboard spoiler
segmentswastoincreasetheoontrolforceata givenvalueof the
wing-tiphelixsngleandtoreducethemexfmumvelueof pb/2P.The
increaseirrcontrolforcewhentheoutboardsegmentsof thespoiler
wereremovedisa resultofam IncreaseInthetotalaileronhinge
mmnent.Thespoilerse~entsdirectly@“frontof theaileronhave
a balancingeffecton thehingemomentof theupgoingaileron (the
hingemomentsbecomemorenegative).Thus,removingtheoutboard.
spoilersegmentscausestheup aileronhingemomenttobecomemore
positivendthereforeproducesan increaseinthetotelaileron
hingemomentend,consequently,inthecontrolforce.
. .
,,, CONOIUDINGRIWKRKS
. . .. ,.
“,.. ,. %-
.,.:, “-.--.
k analysisofwind-tunneldatafora &pring-tabaileronand
a spoilerpilot-aileroncontrolsystemwasmadetodotemlnethe
oontrol-forceha&act9r.~stics”endrollingeffectivenessof”&ach
system,’
. . .
A’comparisonf thecontrol-foiceharehteristicsof the
spring-tabcontrolsystemandthe spoilerpilot-aileroficontrol’
systemhdicated,ingeneral,thatat highspeedsthespring-tab
aileronwouldprovideslightlygreaterollingeffectivenessfor
smallercontrolforcesthanwouldthespoilersystembutatlow
speedsmuchlargervaluesof rollingeffectivenesswouldbe
obtainedwiththespoilerpilot-aileronsystemthenwiththe
—.
spring-tabsystemfora givenvslueofcontrolforce.
Whenanyappreciableupfloating”tendencyof theailerons
exists,thespring-tabileronconfigurationi whichtheailezmns
areinterconnectedwouldhe themostdesirable.
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“The ffectofremoyinCtheoutboards~oiler segmentsdirectly
Inf~’ontoftie pilotialleronwastoincreasethecontrolforces
ofthespoilerpilot-aileroncontrolsyste~fora givenvalueof
thewing-tiphelix mgle @/2V andto reducethemaxhmmvalue
of p-b/2v* ,,
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(a) Ailerons interconnected, cenlral spring unit.
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(b) Ailerons nol interconnected, SepardestingUniis. -m—
Figure 2 :-Schematic diagrom af the two principal configurations of aileron spring– tab syshks.
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Control-wheeldeflection(righ$,8W,deg
Figure3.- Thevariationof spoiler andpilot-ailerondeflectionwith
control-wheeldeflectionassumedfor thecomputationof spoiler
control forces.
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Figure5.- Representativedataof thecharacteristicsof thecomplete
spoiler andpilot aileronfrom whichthecontrol-force character-
istics were estimated.
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Figure6,- Comparisonof thevariationof aileroncontrolforce with
wing-tip helixanglefor several aileroncontrolsystems including
spring-tabsystemshavinginterconnectedaileronsanda central
springunit.
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Figure7.- Comparisonof thevariationof dleron control force with
wing-tiphelixanglefor several aileroncontrol systemsincluding
a spring-tabsystemhavingno interconnectionbetweenailerons.
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Figure7.- Concluded.
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